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ORIENTATION 
The reactions of cattle, as of other homeotherms, to moderate climatic 
changes are generally of a compensatory nature tending to maintain or restore 
thermal balance. Rapid atmospheric changes may, however, temporarily upset 
this balance, and persistent unfavorable conditions which exceed the limits of 
physiological compensation may cause deterioration or even death. To gain 
insight into the mechanisms that distinguish individual cattle or different breeds 
of cattle in their ability to withstand hot, cold, dry, humid, windy, or sunny 
climates, data are needed on heat production, heat dissipation, and related 
actIvIties. Such quantitative data are also essential to the planning of shelters 
designed to modify unfavorable climatic conditions. 
Preceding bulletins in this series! presented data on heat production, and 
on certain aspects of heat dissipation (evaporative cooling from the outer sur-
face and respiratory tract and non-evaporative cooling) in individual dairy 
cows maintained under conditions of approximately 65 per cent relative humid-
ity, air velocity of about one-half mile per hour, and controlled temperatures 
ranging from about 0° to 105°F. Data were also presented on related changes 
in several indices of thermal stress, including rectal temperature, respiration 
rate, pulse rate, and pulmonary ventilation rate (volume of air respired per 
minute). These data showed that lactating dairy cattle reached a critical stage 
in thermal balance at about 75°F environmental temperature. At higher tem-
peratures, at the given humidity and air velocity, the cows were notable to dis-
sipate their body heat as fast as they produced it, because of decreased radiation, 
conduction and convection to the hot environment. As a result, heat was stored 
in the body with consequent rise in body temperature at about 75 ° F. 
lComplete reference information on all bulletins in the Environmental Physiology serie~ 
published up to the end of 1952 is given in Kibler, H. H., and Brody, S., Relative efficiency 
of surface evaporative, respiratory evaporative, and non-evaporative cooling in relation to 
heat production in Jersey, Holstein, Brown Swiss and Brahman callIe, 5° to 105°F, Mo. Agr. 
Exp. Sta. Res. Bul. 497, 1952. For the listed data, see Mo. Agr. Exp. Sta. Res. Buls. 435, 
450, 461, 464, 473 and 497. 
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The present bulletin covers two experimental periods and reports similar 
data on the reactions of cattle to different levels of atmospheric humidity. With 
air velocity at about one-half mile per hour, relative humidity2 was varied by 
10 to 35 per cent above and below the control value of 65 per cent used in 
previous experiments, at dry-bulb temperatures from 12° to 100°F. Increasing 
humidity, of course, affects the heat exchange of the body by depressing the 
rate of heat dissipation by outer and respiratory surface vaporization. As the 
data show no physiological response to increasing humidity below the critical 
temperature of 75°F, it appears that such effects occur only when the decrease 
in evaporative cooling upsets the normal heat exchange between the body and 
its environment, causing a rise in body temperature. 
The present experiment was primarily concerned with the reactions of the 
cattle during exposure to different temperature-humidity levels over long periods 
lasting up to two weeks. It was found necessary, however, to limit the periods 
to less than 24 hours at extremely severe conditions such as 95°F temperature 
and 90 per cent relative humidity. The averages of the several observations 
obtained during the longer periods are, of course, more reliable than the single 
observations obtained during the shortened periods. The experimental sched-
ules and numbers of observations for the two experiments are shown in Tables 
1 and 4. 
Detailed information on the management of the experimental cattle and on . 
their feed consumption and milk production has already been reported in Re-
search Bulletin 521. The methods of measurement and the apparatus employed 
were the same as described in Research Bulletins 435 and 461. The outer sur-
face vaporization rate data were derived from three measured rates: respira-
tory vaporization rate (Tables 2 and 8), metabolic weight loss rate (Tables 2 
and 6) and insensible weight loss rate, as explained in detail in a previous 
reportl. The insensible weight loss measurements were made by H. J. Thomp-
son and associates, and will be reported in another bulletin. 
The humidity, or atmospheric moisture, may be specified by such measures 
as absolute humidity, the weight of water vapor per unit volume, or relative 
humidity, the ratio of the atmospheric water vapor pressure to the maximum 
or saturation vapor pressure at the same temperature. Fig. 1 illustrates graphi-
cally the relation that exists between dry-bulb temperature, absolute humidity, 
relative humidity and vapor pressures. Any temperature-humidity condition is, 
of course, completely defined when the dry-bulb temperature and anyone of 
these three measures of humidity are known. Vapor pressure and absolute 
2At 12°F, the absolute humidity ranged from about 0.5 to 0.8 grains/cu. ft., and the 
vapor pressure from 0.4 to O.{) inches Hg. At lOO°F, the absolute humidity ranged from 
about 8 to 16 grains/cu. ft., and the vapor pressure from 0.7 to 1.5 inches Hg. 
'Fig. 1 was based on data given in the Smithsonian Physical Tables, Vol. 88, pp. 233-235 
and 299, 1934. Fig. 1 and Tables 9a and 9b in the Appendix were prepared for illustrative 
purposes. For more extensive and precise data see Zimmerman, O. T., and Lavine, I., "Psy-
chrometric Tables and Charts," Industrial Research Service, Dover, N. H., 1945. 
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Fig. 1. Relation between dry-bulb temperature and several measures of atmospheric 
humidity. Note the low values of vapor pressure and absolute humidity at low temperatures, 
and the rapid rise in these measures at high temperatures and high relative humidities. 
humidity, for all practical purposes, vary proportionally for the given range 
in temperatures. Their maximum values at different temperatures fall on the 
100 per cent relative humidity curve of Fig. l. Maximum values of absolute 
humidity and vapor pressure are thus limited by temperature; a vapor pressure 
of 40 mm Hg. cannot exist, for example, at any temperature below ,93°F. Rela-
tive humidity, however, can be varied over its full range from 0 to 100 per cent 
at any temperature. 
As our measurements were made at temperatures from 12° to 100°F, we 
found it convenient to present the data as functions of dry-bulb temperature and 
relative humidity. This use of relative humidity does not imply that physio-
logical reactions are correlated only with this measure of humidity. For con-
venience in converting the numerical values of relative humidi~y given in the 
TABLE I--TEMPERA TURE-HUMIDITY CALENDAR AND TEST SCHEDULE· 
(0 ct. 6, 1950-Feb. 9, 1951 
Jersey Period Dates Holstem 
Chamber Relative Number of Chamber Relative Number of 
Temperature Humidity Tests Temperature Humidity Tests 
of % Cardio- Heat of % Cardio- Heat 
Period During Period lOuring Period Respir- Produc- Period During Period During Period Respir- Produc-
Ave. Tests+ Ave. Tests+ Days atory tion From 3PM To 3PM Ave. Tests + Ave. Tests-+; Days atory tion 
50 52 62 57 14 9 2 Oct. 6 Oct. 20 53 54 66 65 14 9 2 
40 42 58 54 14 11 3 Oct. 20 Nov. 3 40 43 64 62 14 11 3 
40 40 48 47 14 11 3 Nov. 3 Nov. 17 4u 42 74 74 14 11 3 
40 41 85 82 14 9 3 Nov. 17 Dec. 1 40 40 48 47 14 8 3 
50 51 70 64 14 9 3 Dec . 1 Dec. 15 50 51 66 61 14 9 3 
11 11 66 66 14 8 2 Dec. 15 Dec. 29 15 15 69 62 14 8 2 
13 
-- 77 -- 7 4 - Dec. 29 Jan. 5 14 16 65 61 14 9 2 
11 14 91 88 7 5 3 Jap. 5 Jan. 12 
10 11 62 59 14 10 3 Jan. 12 Jan. 26 17 18 83 82 14 10 3 
50 51 62 58 14 9 3 Jan. 26 Feb. 9 51 52 67 62 14 10 3 
·Tests were mad e between 1 PM and 3 I M. 
'+DUring heat production and vaporization tests; pulse rate, rectal temperature and respiration rate were measured daily . 
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Fig. 2. Changes in relative humidity had no influence on heat production, evaporative 
cooling from the skin or respiratory tract, and metabolic weight loss at temperatures of 40° 
and 12°F. Lowering the temperature from 50° to 12°F, at constant relative humidity, how-
ever, decreased the evapol'IStive cooling losses from the skin and respiratory tract. 
tables into absolute humidity or vapor pressure, brief conversion Table 9a is 
given in the Appendix. Vapor pressure may, of course, be computed from 
relative humidity by multiplying saturation vapor preSsure by relative hUe 
midity. 
The effects of rising humidity on surface vaporization rates may be both 
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Fig. 3. The respiration rate, pulse rate and ventilation rate decreased as the tempera· 
ture was lowered from 50° to 12°F, but were not affected by changes in humidity at con· 
stant temperatures. The rectal temperature was normal at all temperature.humidity levels 
within this range. 
TABLE 2--INFLUENCE OF HUMIDITY AT LOW TEMPERA'ruRE ON AVERAGE HEAT PRODUCTION AND CARDIORESPIRATORY LEVELS IN 
LACTATING COWS 
(Oct 6 1950 Feb 9 1951) 
. '. - . '. . Period Respiratory 
'- aa· Average Rates Puls~ CO2· CH4· Metabolic Temper- Relative 'Body Fre- Rate Rectal Heat Consump- Produc- Produc- Weight 
ature Humidity Weight quency Volume per Temp. Production tion tion tion Loss 
OF % Lbs. Kg. per min. lit/min. min. OF ICal/hr. Ical/hr/m~ lit/hr. lit/hr. lit/hr . gm/hr. 
Averages for 6 Jerseys 
50 62 902 409 28 86 -mr U)O]f 700 161 140 139 16.0 85 
40 58 898 407 21 90 65 100.9 696 160 138 145 12.9 98 
40 48 893 405 , 21 83 64 100.6 675 156 134 137 10.6 86 
40 85 906 411 23 92 65 100.7 699 160 139 146 11.6 98 
50 70 902 409 25 88 60 100.7 638 147 127 131 10.8 85 
11 66 916 415 15 69 58 100.6 602 137 121 119 9.4 69 
13 77 924 419 18 
---
62 100.6 
--- --- --- ---
- --- ---
11 91 922 418 16 74 62 100.8 648 147 129 128 11.3 76 
10 62 927 420 17 76 66 100.7 638 144 129 129 11.5 80 
50 62 923 418 23 88 60 100.7 555 126 111 110 9.2 66 
Averages for 6 Holsteins 
53 66 1334 605 33 140 61 101.~ 1022 189 203 209 22.7 140 
, 40 64 1332 604 26 124 65 101.2 986 182 193 204 17.3 140 
40 74 1326 601 27 122 65 101.1 942 174 188 194 15.5 127 
40 48 1322 600 28 116 65 100.9 908 168 180 187 17.0 124 
50 66 1314 596 34 125 65 100.8 905 168 180 182 14.6 111 
15 69 1316 597 18 97 62 100.9 951 177 190 200 20.7 140 
14 65 1327 602 18 94 64 100.8 982 182 196 198 18.3 123 
17 83 13,33 604 18 91 64 100.9 959 177 192 191 14.8 113 
51 67 1329 603 29 116 61 101.1 860 159 172 170 14.9 102 
• C.Jas volumes were corrected to STP OoC ( 760 mm Hg:r . 
TABLE 3--PARTITION OF .EVAPORATIVE WEIGHT LOSS AND EVAPORATIVE COOLING BE'IWEEN THE RESPIRATORY AND EXTERIOR 
BUDY SURFACES IN LACTATING COWS 
(Oct 6 1950-Feb 9 1951) . , . , 
Respiratory Surface * HeaT DissipaTion oy Percentage of Total 
Vaporization Vaporization Evaporative Cooling Heat Produced 
Average During per Hour per Hour Cal/hr Dissipated by 
Tests % of % of From Respi- From Respi- Non-+ 
Temper- Relative Body gm. gm. total gm. gm. total ratory Tract Surface ratory Surface Evapor-
ature Humidity Weight per per vapor- per per vapor- per per per per Vapor- Vapor- ative 
of % Lbs. Kg. cow sq.m ization cow sq.m ization cow sq.m cow sq.m ization ization losses 
A verages for 6 Jerseys 
52 57 902 409 105 24 . ~ 283 65 -- -- 61 14 164 38 9 23 68 
42 54 898 407 94 22 24 168 39 43 55 13 97 23 8 14 78 
40 47 893 405 87 20 29 209 48 70 50 12 121 28 7 18 75 
41 82 906 411 94 22 38 151 35 62 55 13 88 20 8 13 79 
51 64 902 409 99 23 34 191 44 66 57 13 111 26 9 17 74 
11 66 916 415 53 12 
-- --- -- -- 31 7 --- -- 5 -- --
13 77 924 419 62 14 -- --- -- -- 36 8 --- -- -- -- --
14 88 922 418 62 14 32 132 30 68 36 8 77 17 6 12 82 
11 59 927 420 66 15 40 101 23 60 38 9 59 13 6 9 85 
51 58 923 418 105 24 30 247 56 69 61 14 143 32 11 26 63 
Averages for 6 Holsteins 
54 65 1334 605 180 33 45 216 40 ""54 104 19 125 23 10 12 78 
43 62 1332 604 147 27 44 190 35 56 85 16 110 20 9 11 80 
42 74 1326 601 143 26 40 218 40 48 83 15 126 23 9 13 78 
40 47 1322 600 136 25 42 186 34 58 79 14 108 20 9 12 79 
51 61 1314 596 163 - 30 32 347 65 68 95 17 201 38 10 22 68 
15 62 1316 597 68 13 18 303 56 82 39 8 176 32 4 18 78 
16 61 1327 602 71 13 21 264 49 79 41 8 153 28 4 16 80 
18 82 1333 604 100 18 27 274 51 73 58 10 159 30 6 17 77 
52 62 1329 603 174 32 42 243 45 58 101 19 141 26 12 16 72 
·Surface vaporization rate was compute-d by subtrac ing Respiratory Vaporization ~afe 1fliis taore and Metabo ic Weight Loss rate (Table 2) 
from Insensible.Weight Loss rate data which will be reported by H. J. Thompson et al in Bul. Environmental Physiology and Shelter 
Engineering series No. xxm. 
+100 per cent minus respiratory vaporization per cent minus surface vaporization per cent. 
TABLB 4--TJlMl'ERA TURE-HUMIDt'l'Y CALENDAR AND TEST SCHEDULE+ 
. . (Feb. 23-Jul 20 1951) . 
n Peri 88 
Aver- Aver-
. 
75 75 38 37 14 11 3 Mar. 23 75 75 39 35 14 11 3 
76 75 75 78 14 11 3 Apr. 6 76 75 78 78 14 11 3 
66 65 70 63 7 6 2 Apr. 13 66 65 71 70 7 6 2 
84 84 40 39 14 10 3 Apr. 27 85 85 44 40 14 10 3 
85 85 87 84 14 10 3 May 11 85 85 90 88 14 10 3 
65 66 67 68 14 9 3 May 25 65 66 71 65 14 9 3 
93 95 47 38 9 6 2 June 3 94 94 45 41 9 6 2 
96 95 81 80 1 1 1 June 4 94 95 80 89 1 1 1 
94 40* 2 June 6 94 42* 2 
95 95 60 60 1 1 1 June 7 94 95 60 58 1 1 1 
93 94 40 39 1 1 June 8 93 95 44 45 1 1 
65 65 65 60 14 10 3 J~e 22~ 80* 50* 2· June 24 
100 98 35 34 3 2 2 June 27 66 66 66 65 21 10 3 
100 100 50 62 1 1 1 June 28 
lOU 100 75 74 1 1 1 June 29 
July 1 84* 52* 2 
July 4 100 100 40 35 3 2 2 
65 65 63 67 13 9 2 July 5 100 99 65 62 1 1 1 
July 6 99 99 47* 77 1 1 1 
66 66 62 66 13 2 2 
65 65 63 70 1 1 
62 67 1 1 
noon. 
65 60 78 81 102 73 62 78 22 28 25 25 22 19 67 63 68 60 66 61 
75 38 75 55 111 88 64 74 25 28 32 28 21 25 60 58 65 59 63 62 
76 75 77 63 120 97 64 75 34 35 55 34 25 24 63 62 65 58 63 61 
66 70 72 56 100 69 62 64 26 31 42 26 20 19 59 61 59 58 65 62 
84 40 92 67 135 115 76 75 42 39 64 58 38 31 65 67 65 64 73 65 
85 87 163 103 147 154 77 86 94 85 103 82 54 39 58 66 55 60 70 70 
65 67 81 60 92 78 60 65 31 32 34 40 20 18 59 63 64 61 68 70 
93 47 174 148 156 152 120 100 94 94 90 87 78 60 66 78 59 63 72 69 
96 81 214 261 207 170 157 145 125 142 119 118 124 90 60 69 74 56 79 70 
95 60 174 182 186 185 113 119 120 140 100 120 100 80 52 62 62 54 60 60 
65 65 79 66 90 65 59 60 33 28 31 30 21 18 64 73 67 66 73 73 
100 35 194 145 171 160 139 85 114 105 90 115 112 94 74 82 65 72 81 62 
100 50 214 208 200 161 126 173 128 148 120 126 100 116 60 64 52 54 64 56 
100 75 248 263 190 190 127 136 128 160 112 140 120 120 56 80 54 56 54 50 
65 63 84 52 64 59 57 58 24 30 25 24 19 16 58 64 54 58 62 60 
12 13 
Fasted 42,-44 Houri 
I 11 10 10 10 52 
Fasted 42144 Hlurs 
54 r 49 52 50 52 
*The heat production data for the fastin test were obtained with closed circuit a g ppa r.atus· all other heat roduction data were obtained with 0 en circuit p p 
apparatus. 
+Gas volumes were corrected to STP (OOC, 760 mm Hg.). 
TABLE 5--EFFECTS OF HUMIDITY ON HEAT PRODUCTION AND CARDIORESPIRATORY ACTIVITIES IN INDIVIDUAL JERSEY AND BRAHMAN COWS 
(Feb. 23-Jul 20 1951 . 
Aver 
Temper-
ature 
OF 
65 
75 
76 
66 
84 
85 
65 
93 
96 
95 
65 
100 
100 
100 
65 
e 
Relative 
Humidity, 
% 
60 
38 
75 
70 
40 
87 
67 
47 
81 
60 
65 
35 
50 
75 
63 
1
105 70 
91 62 
121 
128 
100 81 121 
107 76 134 
104 85 122 
B6 85 94 
105 85 114 
106 97 104 
115 88 121 
74 71 80 
101 93 115 
121 96 112 
94 95 80 
116 92 105 
103 75 88 
100 82 97 98 79 
97 73 81 95 61 
116 94 95 98 74 
106 88 100 106 71 
123 91 94 103 84 
103 81 93 79 85 
121 97 104 95 82 
113 106 107 99 84 
99 90 83 89 70 
76 101 96 79 73 
106 98 105 103 89 
104 104 99 110 92 
91 8U 112 88 85 
84 88 75 89 79 
92 96 91 102 70 
125 103 88 95 5.7 6.6 8.1 8.8 6.0 3.9 
116 106 79 79 6.0 3.9 6.6 6.6 7.8 3.6 
109 111 92 101 11.4 8.4 6.6 7.8 4.2 7.2 
120 101 95 97 11.4 6.0 10.2 5.4 11.1 4.8 
118 116 86 84 10.2 7.8 12.0 10.2 7.2 7.2 
88 95 73 92 8.4 8.4 9.0 9.6 3.6 6.6 
107 115 95 107 7.2 7.2 8.4 6.0 9.0 13.2 
95 108 91 100 7.2 5.4 9.0 7.2 4.2 6.6 
73 77 83 77 2.4 2.4 0.0 0.0 1.0 0.0 
82 65 90 92 1.8 1.1 5.4 3.6 3.6 3.0 
110 109 97 83 10.2 6.2 4.2 7.3 6.5 10.2 
111 95 98 92 4.7 6.0 8.6 6.4 2.6 1.9 
67 70 86 99 6.5 3.7 2.4 1.0 3.1 6.3 
68 75 62 69 1.6 3.2 1.2 1.2 2.2 7.2 
111 97 85 81 4.2 5.4 3.4 8.2 5.4 1.7 
*The heat roduction data for the fa p sting test were obtained with closed circuit apparatus· all other heat production data were obtained with open circuit 
apparatus. 
+Gas volumes were corrected to STP (OOC, 760 mm Hg.). 
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Fig. 4. High humidity increased the rectal temperature in Jersey (1), Holstein (H), 
and Brown Swiss (S) cattle at temperatures from 85° to lOO°F, and in Brahman (B) 
cattle at 95° to lOO°F. Control tests (C) at 65°F are shown for comparison with the tests 
at the higher temperatures. See also Tables 5 and 6 for additional data at lOO°F. 
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direct and indirect; and it may sometimes happen that the two effects cancel 
each other. Winslow, Herrington, and Gagge· explained the lack of influence 
of relative humidity on evaporative heat 1088 in men (for their range of data) 
by assuming that the theoretical fraction of the total skin surface that would 
have to be completely wet to vaporize moisture at the meaSured rateA increased 
by just the right amount to" offset the decline " in the evaporative power of the 
environment. Pinson's' work with hydrogen isotopes led him to attribute the 
slower _ rate of transfer "of HTO vapor through cooled skin to a reduction in 
blood flow through the 8uper.ficial skin capillaries. If the temperature of the 
skin alters the rate of water vapor diffusion through the skin, then under criti-
cal conditions of thermal balance, the decrease in diffusion loss caused by 
high humidity might be b-alanced, in part, by ali " increase in diffusion loss 
caused by increased skin temperature. Similarly, with respect to evaporative 
cooling, our data show that an expected depression. in respiratory vaporization 
ra"te with increasing atmospheric humidity may not occur because of an increase 
in the volume of respired. air. . 
Since evaporative cooling is controlled by a complex interrelation of phy-
sical and physiological factors, the best factual knowledge of the end effects 
of humidity on cattle may be haa by an examination of the pertinent data. Fur-
ther insight into the involved mechanisms may become clearer when we com-
plete our study on the influence of wind on evaporative processes. 
RESULTS 
Effects of Humidity at Temperatures From 12° to 40°F 
The results for the _two temperature levels, ~o and 12° ~re summarized in 
Figs. 2 and 3 for the individual cows; and in Tables 2 and 3 for the Jersey and 
Holstein breed averages. Data are also shown for the control condition of sooF 
temperature and 65 per celit " relative humidity to which the cattle were re-
exposed after complenon of each experimental temperature level. 
Figs. 2 and 3 present the several physiological reactions plotted against 
time, but showing the humidity -and temperature levels prevailing during each 
two-week experimental period. The switch-over changes in temperature and 
humidity introduced the possibility of acclimatization lags, and so made the 
interpretation of results more ditlicult. Howe~r, a close inspection of the 
curves indicates_ that the given Changes in hu~dity did not affect the physio-
logical activities of the cattle at either the 40° or 12°F temperature levels. This 
is not surprising as the cattle were under no particula.r stress, and although the 
·Winalow, C. E., Herrington, L. P., and Gane, A. P., Physiological reactions of the 
human body to various atmospheric humidities. Am. J. -Physiol. 120, 288-299, 1937. 
'Gage, A. P., A new physiological variable 8880Ciated with sensible and insensible per-
.piration. Am. J. Pbyaiol. 120," 277-287, 1937. -
'Pineon, E. A., Water excbanaes and barriers 88 studied by the use of hydrogen isotopes. 
PhJSioI. Rev. 32, 123-134, 1952. H10 vapor refers to water vapor containing radioactive 
hydrogen (T). 
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relative humidity changed from about 40 to 80 per cent, the corresponding 
changes in vapor pressure were only from 2.5 to 5 mm Hg. at 4O°F and 1 to 2 
mm Hg. at 12°F. With these small changes and with the vapor pressure so 
low, it seems doubtful that the vapor pressure of the air was near enough to 
the vapor pressure of the skin to affect its evaporative rate, especially since the 
skin temperature was 500 to 70°F higher than the air temperature7 • 
The decreases that occurred in the vaporization rates from the respiratory 
tract and skin, and. in pulse rate, respiration rate and ventilation rate as the 
temperature was lowered from 50° to 12°F must be attributed to the change in 
temperature and not to changes in relative humidity. In brief, it appears 
that the given changes in humidity produced no measurable reactions in the 
Jersey or Holstein cattle at either 400 or 12°F. Further study is needed at 
extreme humidity levels. 
Effects of Humidity at Temperatures From 7So to 100°F 
The reactions of Jersey, Holstein, Brown Swi~s and Brahman cattle to 
changes in humidity at temperatures from 750 to 100°F are summarized in 
Tables 4 to 8 and in Figs. 4 to 10, and are discussed below under appropriate 
headings. Control curves for 65 of temperature and 65 per cent relative humid-
ity ·are also shown. 
Rectal Temperature: The curves of Fig. 4 show that rectal temperature 
remained approximately normal in all cows regardless of humidity at dry-bulb 
temperatures up to 75°F. Between 75 0 and 85°F, however, the rectal tempera-
ture increased more at high than low humidity in all cows except the two Brah-
mans. At 950 and 100°F the differences in rectal temperature at high and low 
humidity were quite substantial in all cattle, especially in the Jerseys, and even 
in the Brahmans. The greater charted rise of rectal temperature in the Jersey 
than in the Holstein and Brown Swiss cattle at 100°F was probably caused by 
their longer exposure to the high humidity. (See footnote to Table 6.) As 
shown by Tables 5 and 6 the Jersey cattle had lower rectal temperatures when 
the relative humidity was 75 per cent than the Holstein and Brown Swiss cattle 
had when the relative humidity was 65 per cent. 
Respiration Rate: At 75 of respiration rate was not much affected by changes 
in humidity, as illustrated by the curves of Fig. 5. At 850 to 100°F in the 
Jersey, Holstein and Brown Swiss cattle and from 95° to 100°F in the Brahman 
cattle, the respiration rate was greater at the high than low humidity. The 
respiration rate at 85°F appeared to be slightly more sensitive than tecta I tem-
perature to changes in humidity. 
Pulmonary Ventilation Rate: The pulmonary ventilation rate, as shown in 
TThe influence of humidity on skin temperature will be reported in a later bulletin by 
H. J. Thompson et al. The vapor pressure of the skin was not measured but was probably 
considerably lower than the saturation pressures of 20 to 30 mg Hg. corresponding to skin 
tern peratures. 
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Fig. 5. High humidity increased the respiration rate in Jersey (J), Holstein (H), and 
Brown Swiss (S) cattle at temperatures from 85° to lOO°F, and in Brahman (B) cattle at 
95° to lOO°F. Control tests (C) at 65°F are shown for comparison with the tests at the 
higher temperatures. . 
Fig. 6, like respiration rate was greater at high than low humidity at tempera-
tures from 85° to 100°F, although the different cows showed considerable indi-
vidual variability in their reactions. 
Pulse Rate: The effects of changes in humidity on pulse rate were of a 
variable and minor nature. The data are given in Table 6. 
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CHAMBER TEMPERATURE.· F. 
Fig. 6. High humidity increased the volume of air respired by Jersey (J), Holstein 
(H), and Brown Swiss (S) cattle at temperatures above 85°F, and in Brahman (B) cattle 
at 95°F. Control curves (C) for 65°F temperature are shown for comparison with the tests 
at the higher temperatures. 
Rnt Production: The effects of changes in humidity on heat production, 
as illustrated in Fig. 7, were variable except at 85°,F,at which temperature all 
cows showed a depressed heat production during the period of high humidity. 
Further study is needed on animals in a post-absorptive condition. 
Evaporative Cooling From the Respiratory Tract: The moisture evaporated 
from the respiratory tract is the difference between the weight of water vapor 
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Fig. 7. While high humidity tended to depress heat production at temperatures from 
85 0 to lOO°F, there is considerable variability in the data for the different cows. 
in the exhaled and inhaled air. The moisture in the exhaled air cannot exceed 
that in saturated air at body temperature and, in fact, is usually lower in callIes. 
The moisture in the inhaled air, however, increases with rising temperature and 
humidity, decreasing the difference in water vapor between the exhaled and 
inhaled air. Unless there is a compensating increase in the volume of respired 
'See page 5 of the reference given in footnote 1; that is, Mo. Res .. Bul. 497, 1952. 
TABLE 6--EFFECTS OF HUMIDITY ON HEAT PRODUCTION AND CARDIORESPIRATORY ACTIVITIES IN INDIVIDUAL BROWN SWISS AND HOLSTEIN 
COWS (Feb. 23-Jul 20 1951). 
Holstein 
ea Pro uc ion, a ec empera e, 0 e c e 
65 69 686 666 741 627 694 744 101.2 101.0 101.0 101.2 101.1 101.4 100 64 61 61 50 
75 39 610 634 622 568 566 710 101.2 101.2 101.2 101.2 101.3 101.5 93 88 72 95 68 
76 78 630 714 790 600 686 680 101.1 101.1 101.2 lOLl 101.0 101.6 48 87 112 62 40 
66 71 666 651 648 567 597 8~6 101.. 101.2 100.9 100.9 100.9 101.4 61 79 80 83 65 
85 44 616 648 798 638 676 700 101.4 101.7 101.4 101.4 101.2 102.0 39 82 94 79 95 
85 90 588 476 518 484 566 620 103.6 103.8 103.5 103.1 102.1 104.0 72 38 55 47 35 
65 71 634 638 704 628 646 662 101.2 100.7 100.8 100.9 101.1 101.3 77 61 76 62 67 
94 45 696 580 596 690 675 664 104.2 104.6 104.9 104.2 102.4 104.2 96 69 43 66 78 
94 80 522 518 640 689 512 600 105.1 107.6 106.7 106.9 105.6 106.6 99 55 11 : 8 ' 43 
94 60 550 502 606 565 660 618 104.5 104.8 104.7 104.4 102.4 104.6 138 57 57 57. 96 
66 66 540 630 652 595 722 664 100.9 100.7 100.8 100.9 100.9 101.3 82 88 59 58 92 
100 40 54'7 681 783 576 708 651 102.7 104.6 104.6 103.8 103.0 102.8 84 '74 76 63 46 
100 65 598 678 666 624 792 567 10'7.4 108.8 106.6 107.4 105.8 106.7 41 58 27 14 10 
99 •• 574 690 482 451 441 448 105.1 107.1 105.6 104.6 102.6 ' 104.1 -15 39 58 46 -5 5 
66 62 554 648 750 578 772 601 100.8 101.0 100.3 100.6 100.4 101.0 91 66 84 72 98 68 
Fasted 41-43 Hours Fasted 43 -45 Hours Fasted j-45 Hours 
65 62 462 464 I 594 I 501 I 462 530 101.6 101.0 I 100.8 I 101.2 I 101.0 100.9 -5· -3 I -5 -6 1-18 -6 . 
Pulmonary Ventilation Rate. Ut/min+ Respiration Rate per minute Pulse Rate per minute 
65 69' 115 116 108 104 123 98 27 28 26 26 28 26 62 60 61 61 64 61 
75 39 118 124 117 118 111 107 35 38 33 34 34 37 59 59 60 58 57 58 
76 78 130 132 135 113 121 117 48 49 45 53 44 44 61 61 61 60 56 60 
66 71 101 130 122 106 101 116 35 37 35 36 34 35 58 57 59 57 54 61 
85 44 128 161 132 122 108 160 50 58 48 60 47 55 61 61 61 63 59 63 
85 90 196 163 168 179 202 240 83 84 86 103 101 106 59 58 57 58 58 56 
65 71 106 114 113 102 111 115 35 40 36 36 36 35 57 59 58 60 56 59 
94 45 178 194 217 202 241 260 94 85 86 119 104 103 60 56 56 63 60 61 
94 80 265 257 280 312 288 341 100 120 . 128 140 120 120 60 54 54 '60 70 56 
94 60 227 180 213 205 286 303 88 80 100 120 114 112 56 52 58 54 52 52 
66 66 98 110 104 86 108 104 31 36 33 35 29 33 63 66 62 61 57 59 
100 40 224 209 , 237 186 329 226 89 112 118 112 90 90 61 52 62 58 64 58 
100 65 254 312 293 290 290 277 120 116 120 114 128 120 78 96 58 92 64 
99 •• 232 253 266 271 266 226 130 120 140 130 134 100 72 72 56 68 66 46 
66 62 98 102 118 78 110 83 25 36 23 26 27 26 ~O 67 55 54 58 48 
Fasted 43-45 Hours Fasted 4 -45 Hours 
I 12 I ' 12 l 11 9 50 46 I 52· I 48 .. 1 52 
w 
TABLE 6--EFFECTS OF HUMIDITY ON HEAT PRODUCTION AND CARDIORESPmATORY ACTIVITIES IN INDIVIDUAL BROWN SWISS AND HOLSTEIN 
COWS (F b 23 J 1 20 1951) e . 
- ULY , . 
Average 
Temper- Relative 
ature Humidity Holstein Brown SWiss Holstein Brown SWiss Holstein Brown Swiss 
OF % 315 317 314 _47_ 1 _~ 1 48 315 317 314 47 ZZ !!J ~~ ~"-1314 47 I ZZ 48 
Oxygen Coilsw ~ption, Ut!hr+ Garbon Dioxide Pr ;xiuction, Ut!hr+ Methane Production, lit!hr+ 
65 69 150 134 150 125 140 152 153 126 136 119 131 132 16.8 8.4 8.4 7.2 9.0 9.0 
75 39 111 125 124 113 112 143 I 124 132 123 124 115 134 9.6 9.0 9.0 15.6 9.0 10.2 
'6 78 157 142 157 120 137 i40 131 142 163 116 133 119 17.4 12.6 19.2 6.0 13.2 7.2 66 71 128 130 128 112 119 166 119 130 129 119 117 .149 12.6 10.8 11.4 : 11.4 10.8 10.2 
85 44 160 130 160 127 138 139 131 131 157 128 122 143 12.6 12.6 18.6 9.6 9.0 16.2 
85 90 104 . 97 104 103 117 128 106 87 100 94 101 107 15.0 7.2 8.4 10.8 9.6 8.4 
65 71 141 128 141 127 131 133 133 120 136 119 117 127 20.4 9.6 10.8 11.4 6.6 7.8 
94 45 122 117 122 140 139 132 133 114 106 128 110 131 9.6 15.0 10.2 18.0 6.6 10.8 
94 80 103 103 136 146 109 123 118 100 103 107 78 107 18.6 4.8 1.8 7.2 10.2 10.2 
94 60 88 100 122 113 134 122 128 100 115 108 121 135 16.2 2.4 5.4 · 4.8 3.6 3.6 
66 66 97 125 132 120 144 133 108 130 120 112 143 136 9.6 13.4 · 16.2 11.1 . 19.0 18.0 
100 40 110 136 159 115 140 138 117 132 149 114 142 122 14.0 9.6 11.4 3.0 20.0 3.0 
100 65 122 137 139 131 169 119 108 127 114 100 85 90 1.6 3.7 1.7 3.6 3.4 3.4 
99 ** 122 142 96 91 94 95 79 122 96 85 65 71 4.3 1.6 6.5 11.4 1.6 1.4 
66 62 110 129 149 115 152 119 120 125 146 116 152 118 16.2 3.6 10.8 10.2 21.0 6.6 
*The heat roduction data for the f asti tests were obtained witl n closed circuit a ratus: a II other heat roduction dal ta were ohta.inM w th 0 en circuit p ng ppa p p 
apparatus. 
**The average relat.ive humidity for \he twenty-four hour period was 47%, but during this test period the relative humidity was 77%. 
+Gas volumes were corrected to STP (OOC, 760 mm Hg.).: 
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Fig. 8. High humidity depressed the rate of moisture vapori~ation from the respira-
tory tract at temperatures from 85° to lOO°F in Holstein (H) and Brown Swiss (S) cattle, 
but produced only variable effects on the respiratory vaporization rates in Jersey (J) and 
Brahman (B) cattle. 
air, the evaporation from the respiratory tract, therefore, decreases wIth rising 
temperature and humidity. The Holstein and Brown Swiss cattle apparently 
could not increase their respiratory activity sufficiently at temperatures above 
85°F to compensate for increasing humidity, as their respiratory vaporization 
rates were considerably lower at high than low humidity, as shown in Fig. 8. 
The differences in respiratory vaporization at high and low humidities were 
smaller in the Jersey and Brahman cattle. 
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Fig. 9. High humidity depressed the rate of moisture vaporization from the skin in 
the different breeds of cattle at temperatures above 85°F. Some variability can be expected 
in these derived data. 
Evaporative Cooling From the Outer Body Surface: Since the low evapora-
tive rate from the skin in cattle results from deficient sweating ability, high 
atmospheric humidity does not exert nearly as great an influence on outer sur-
face evaporative cooling in cattle as in liberally sweating man. However, at 
environmental temperatures between 75° and 100°F, as shown in Fig. 9, the 
TABLE 7--PARTlTION OF TOTAL EVAPORATIVE WEIGHT LOSS BETWEEN THE RESPffiATORY TRACT AND SKIN, AND OF THE DISSIPATION OF TOTAL HEAT 
PRODUCED BETWEEN EVAPORATIVE AND NON EVAPORATIVE COOLING IN INDIVIDUAL JERSEY AND BRAHMAN COWS (F b 23 J 1 20 1951) 
-
e . 
- u~ , 
Evaporative Weight Loss Per Hour Heat Dissipation Per Hour Heat Dissipation 
From Respiratory t;vaporattve 1 Non-Evaporative Relative to Heat Production 
Dry Tract From Skin· ReSpira- Non-
Bulb ~ Of ~Of tory Skin Total Evaporative Evaporative 
Temper- Relative Body gm. gm. total gm. gm. total Cal cal Cal Cal Cal Cal Respira- 1 
ature Humidity Weight per pel- vapor- per ~r vapor- per per per per per per tory Skin Total OF % Lbs. cow m lzation cow m2 ization cow m2 cow m2 cow m2 Per Cent 
65 62 831 117 28 30 271 65 16 157 38 294 71 13 30 57 
75 37 808 118 29 26 338 83 74 68 17 196 48 190 46 15 43 42 
75 79 798 112 28 28 289 71 72 65 16 168 41 269 67 13 33 54 
65 64 816 85 21 25 250 61 75 49 12 145 35 343 83 9 27 64 
84 39 810 128 31 14 756 184 86 74 18 438 107 12 3 14 84 2 
85 85 803 142 35 29 354 87 71 82 20 205 50 140 35 19 48 33 
88 85 842 108 28 25 321 77 75 63 15 188 45 271 64 12 36 52 
95 38 832 218 52 "30 502 121 70 128 30 291 70 105 25 24 58 20 
95 80 838 248 59 29 608 148 71 144 34 353 85 25 8 28 88 4 
85 82 841 118 28 48 137 33 58 87 18 79 19 312 74 15 17 88 
98 34 888 208 49 21 775 182 79 121 28 450 108 23 6 20 76 4 
100 58 830 235 57 136 33 29 
100 73 816 206 50 34 "393 96 66 119 29 228 56 207 50 21 41 38 
65 68 837 104 25 37 178 43 63 60 14 103 25 356 85 12 20 68 
65 71 855 77 18 
asted 43
1 
Hours 
-- 45 10 15 
559 
65 62 652 106 29 41 153 42 17 89 24 204 57 17 25 58 
75 37 660 83 23 27 222 61 73 48 13 129 35 132 37 16 42 42 
75 79 675 74 20 23 248 67 77 43 12 144 39 211 57 11 36 53 
65 64 679 65 18 27 175 47 73 38 10 102 27 238 65 10 27 63 
84 39 702 94 25 20 369 98 80 54 14 214 57 158 42 13 50 37 
85 84 707 104 27 27 276 73 73 60 16 160 42 204 54 14 38 48 
66 63 739 70 18 25 213 55 75 41 10 124 32 255 66 10 30 60 
95 38 759 199 50 28 510 129 72 115 2"9 296 75 66 17 24 62 14 
95 81 756 194 49 38 312 79" 62 113 28 181 46 127 33 27 43 30 
65 61 772 76 19 30 177 44 70 44 11 103 26 275 69 10 24 66 
98 34 789 156 39 21 595 147 79 90 22 345 85 43 11 19 72 9 
100 61 772 204 51 118 30 25 
100 72 756 257 73 149 46 33 
65 67 774 75 19 28 190 48 72 44 11 110 28 219 54 12 29 59 
65 71 786 55 14 
sted 43
1
Hours 
-- 32 8 9 
*see footnotes Table 3. 
TABLE 7--CONTINUED 
Evaporative Weight Loss Per Hour Heat DissipLtion Per Hour Heat Dissipation 
From Respiratory Evaporattve I Non-Evaporative Relative to Heat Production 
Dry Tract From Skin· ReSplra- Non-
Bulb ~ Of ~ of . tory Skin Total Evaporative Evaporative 
Temper- Relative Body gm. gm. total gm. gm. total cal cal Cal Cal Cal Cal RetlPlra- ' 1 
ature Humidity Weight per ~r vapor- per '~r vapor- per per per per per per tory Skin Total OF % Lbe. cow m2 ization cow m2 ization cow m2 cow m2 cow m2 Per Cent 
65 59 975 132 29 40 200 44 17 116 26 414 90 12 19 69 
75 37 943 164 37 32 343 77 68 95 21 199 45 338 76 15 31 54 
75 79 926 130 30 28 333 75 72 75 17 193 44 324 73 16 33 51 
65 64 923 126 29 32 263 60 68 73 16 153 35 434 99 11 23 66 
84 39 .908 156 36 18 684 156 81 90 21 397 90 121 28 15 65 20 
85 84 850 145 44 32 302 72 68 84 20 175 42 203 48 18 38 44 
66 62 876 113 26 25 332 78 75 66 15 192 45 308 72 12 34 54 
95 38 842 200 48 26 565 135 74 116 28 328 78 72 17 22 64 14 
95 80 838 188 45 22 681 163 78 109 26 395 94 61 15 19 70 11 
65 61 848 108 26 30 246 58 69 63 15 143 34 365 87 11 25 64 
98 35 821 160 39 21 605 146 79 93 22 351 85 121 30 16 62 22 
100 64 794 170 42 99 24 26 
100 74 783 200 50 23 665 165 77 116 29 386 96 24 79 
65 68 809 89 22 51 86 21 49 52 12 50 12 333 82 12 11 77 
Fasted 44 Hours 
65 71 790 46 11 I I 27 7 10 
Jers 
66 60 952 122 27 29 296 66 7 16 172 38 257 57 14 34 52 
75 37 962 130 29 32 280 62 68 75 17 1112 36 233 51 16 34 50 
75 79 960 118 26 28 298 66 72 68 15 173 38 335 75 12 30 58 
65 63 956 86 19 30. 203 45 70 50 11 118 26 363 81 9 22 69 
\8
0
4 40 978 154 34 21 572 126 79 89 20 332 73 191 41 14 54 32 
85 84 970 142 31 29 347 76 71 82 18 201 44 225 50 16 40 44 
66 61 982 90 20 23 · 297 65 77 52 11 172 38 376 82 9 29 62 
95 39 1002 196 42 22 701 152 78 114 24 406 88 47 11 20 72 8 
95 80 992 171 37. 25 518 113 75 99 22 300 66 71 14 21 64 15 
65 61 1004 81 18 36 145 31 64 47 10 84 18 404 88 9 16 75 
98 36 1002 173 38 23 588 127 77 100 22 341 74 72 15 19 66 15 
100 63 990 182 40 106 23 24 
100 77 983 164 36 95 21 24 
65 67 965 82 18 47 91 20 53 48 10 53 12 363 81 10 11 79 
as ted 44 Hours 
65 69 978 47 10 I 27 6 11 
.See footnotes Table 3. 
TABLE 7--CONTINUED 
Evaporative Weight Loss Per Hour Heat Dissipation Per Hour Heat Dissipation 
From Respiratory Evaporative I Non-Evaporative Relative to Heat Production 
Dry Tract From Skin· Respira- Non-
Bulb % of % of tory Skin Total Evaporative Evaporative 
Temper- Relative Body gm. gm. total gm. gm. total Cal CaT -CaT l:;al Cal Cal ResPira-l 
ature Humidity Weight per per vapor- per per vapor- per per per per per per tory Skin Total OF % Lbs. cow m2 izatlon cow m2 izatlon cow m2 cow m2 cow m2 -Ver Cent 
Brahman 3 
66 61 696 81 19 34 159 38 11 92 22 271 64 11 22 67 
75 37 727 94 22 30 219 51 70 54 13 127 30 183 41 15 35 50 
75 80 736 68 16 25 206 47 75 39 9 119 27 314 72 8 25 67 
65 63 743 70 16 37 120 27 63 41 9 70 16 333 77 9 16 75 
84 39 756 103 23 33 208 47 67 60 14 121 27 269 61 13 27 60 
85 84 766 78 18 16 416 94 84 45 10 241 54 110 25 11 61 28 
66 62 797 68 15 26 194 43 74 39 9 112 25 338 74 8 23 69 
95 38 808 158 34 21 590 129 79 92 20 342 75 91 20 18 65 17 
95 81 794 128 28 23 426 94 77 74 16 247 54 127 29 16 55 29 
66 61 826 66 14 23 217 47 77 38 8 126- 27 325 70 8 26 66 
98 35 859 160 34 20 658 139 80 93 20 382 81 47 9 18 73 9 
100 62 844 118 25 68 15 17 
100 73 838 124 26 25 382 82 75 72 15 222 48 117 25 18 54 28 
65 67 842 78 17 38 127 27 62 45 10 74 16 351 74 10 16 74 
65 70 861 45 10 
asted 43
1 
Hours 
-- 26 6 8 
65 59 917 91 18 29 220 45 11 128 26 . - 302 61 11 26 63 
75 37 939 100 20 34 198 40 66 58 12 115 23 227 45 14 29 57 
75 74 947 88 18 29 218 44 11 51 10 126 26 301 59 11 26 63 
65 81 961 70 14 28 177 35 72 41 8 103 20 354 71 8 21 71 
-14 40 967 104 20 18 489 92 81 60 12 272 53 132 27 l3 59 28 
fi 84 980 83 16 1'1 406 80 83 48 · 9 235 46 183 36 10 50 40 
66 4Jl 892 67 13 25 203 39 75 39 ,S 118 23 367 71 7 22 71 
15 S9 1O~ 142 n 19 603 115 -M 82 1-8 350 67 96 18 16 66 18 
95 ."80 1027 162 31 "3 535 102 77 94 18 310 59 8 2 23 75 2 46 ',sO 1027 14 1'4 ,28 185 35 ' 71 43 8 107 20 357 69 8 21 71 
99 '. n 1047 100 19 16 546 103 84 59 11 317 60 116 22 12 64 24 
100 $3 1034 164 31 , - 95 18 17 
t8 'ffl 1025 117 22 1-8 549 105 '82 68 13 318 61 18 86 
'$5 , ~'1 1015 80 15 41 114 22 59 46 9 66 13 339 65 10 15 75 
Fasted 44 Hours 
66 70 1042 45 9 I I 26 5 10 
'see footnotes Tibte 3. 
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high levels of atmospheric humidity did depress the evaporative rate from . the 
skin. The depression of surface vaporization by high atmospheric humidity 
could, probably, have been either increased or decreased to some extent by 
varying the chamber air velocity from the one-half mile per hour level em-
ployed in this experiment. A future publication will discuss the influence of 
different air velocities on these various reactions. 
Figs. 2 and 9 show that at environmental temperatures below 65° to 75°F, 
the rate of moisture loss was not affected by the levels of atmospheric humidity 
employed in this experiment (30% to 90% relative humidity) . At these lower 
environmental temperatures, the changes in outer surface vaporization were 
small, and probably resulted from decreased vapor pressure of the skin caused 
by changes in peripheral circulation and lowered skin temperature. 
Fig. 10 shows that with an air velocity of one-half mile per hour the va-
porization rate from the outer body surface was depressed in the European 
breeds of dairy cows by high atmospheric humidity above 75 ° and in the Brah-
man cattle above 90° to 95°F. The respiratory vaporization rate was likewise 
depressed moderately with increased atmospheric humidity in the Holstein and 
Brown Swiss cattle, and to a lesser extent in thf Brahman and Jersey cattle. 
A reasonable explanation for the greater depression of the outer surface va-
porization rate than respiratory tract vaporization rate by high humidity seems 
to be that the volume of air passing over the outer surface was relatively con-
stant at one·half mile per hour, but the volume of air passing over the respira-
tory surfaces increased with increased humidity at temperatures from 85° to 
95°F, as shown in Fig. 6 . . 
Non-Evaporative Cooling: With decreased evaporative cooling from the 
other body surf'ace at high levels of humidity, the skin and rectal temperatures 
rise, increasing the temperature gradient between the body and the environment, 
and thereby tending· to increase the non·evaporative heat losses (radiation, con-
vection, and conduction) as shown in Fig. 10. 
SUMMARY 
Changes in atmospheric humidity at constant temperature levels of 40° and 
12°F, and at air velocity of about one·half mile per hour, produced no con-
sistent effects on heat production, evaporative cooling from the respiratory 
tract and from the outer body surface, or on rectal temperature, respiration 
rate, pulse rate and pulmonary ventilation rate in Jersey and Holstein cattle. 
, Increasing atmospheric humidity at temperature levels from 75° to .100°F 
produced the following effects on the above listed measurements: 
1. Increased the, rectal temperature in Jersey, Holstein, and Brown Swiss 
cattle at environmental temperatures above 75 ° F, and in Brahman cat-
tle above 90° or 95°F. 
2. Increased the respiration rate in Jersey, Holstein, and Brown Swiss 
cattle at environmental temperatures above 85 ° F, and in Brahman cat-
tle above 90° or 95°F. 
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Fig: 10. Summary chart showing the influence of humidity on average heat dissipation 
by evaporative cooling from the respiratory tract and outer body surface, and by non-evapora-
tive cooling {radiation, convection, conduction} in Jersey, Holstein, Brown Swiss and Brah-
man cattle. All values were computed per unit of outer surface area. 
Dry From Skin· 
Bulb 0 of 
Temper- Relative Body gm. gm. total gm. gm. total 
ature Humidity Weight per pt!r vapor- per per Total 
of % Lbe. cow m2 izaUon cow m2 cow 
65 62 960 159 35 44 206 46 20 119 27 475 105 13 17 70 
75 35 987 176 38 28 463 101 72 102 22 268 58 240 53 17 44 39 
75' 78 1007 147 32 24 467 101 76 85 18 271 58 274 60 13 43 44 
65 70 1010 128 28 31 283 61 69 74 16 164 35 428 93 11 25 64 
·85 40 1007 188 41 20 746 161 80 109 24 433 93 74 16 18 70 12 
85 87 996 183 40 33 365 79 67 106 23 212 46 270 59 18 36 46 
66 66 1108 120 25 25 353 72 75 70 14 205 42 359 74 11 32 57 
94 40 1035 237 50 29 577 123 71 137 29 335 71 224 48 20 48 32 
95 87 957 132 29 21 482 . 107 79 76 17 280 . 62 166 37 14 54 32 
66 65 1008 126 27 26 352 76 74 73 16 204 44 263 57 14 38 48 
100 35 983 334 73 43 442 97 §7 194 42 256 56 97 22 35 47 18 
100 62 886 277 64 39 437 101 61 161 37 253 58 184 44 27 42 31 
100 83 908 . 170 39 99 22 17 
66 66 945 134 30 58 95 21 41 78 17 55 12 421 95 14 10 76 
Fasted. 4 Hours 
65 67 996 56 12 I 32 ' 7 8 
Holstein 317 
,65 62 1149 155 31 28 391 78 72 90 1"8 227 45 349 71 14 34 52 
75 35 1132 186 38 24 573 116 75 108 22 332 67 194 39 17 52 31 
76 77 1142 135 27 22 471 95 78 78 16 273 55 363 73 11 38 51 
65 70 1146 163 33 68 78 16 32 94 19 45 9 512 103 14 .7 79 
85 41 1135 246 I 50 28 624 126 72 143 29 362 7'3 143 29 22 56 22 
85 88 1130 156 32 24 479 97 75 90 18 278 .56 108 22 19 58 23 
65 65 1120 130 26 26 359 73 73 75 15 208 42 355 73 12 33 55 
94 41 1128 ·290 59 26 801 162 73 168 34 464 94 , -52 -10 29 80 -9 
95 92 1080 218 45 27 577 120 72 126 26 335 70 57 12 24 6~ 11 
67 64 1080 135 28 42 187 39 58 78 16 108 23 444 92 12 17 71 
100 36 l129 332 67 34 634 128 66 192 39 368 74 121 25 28 54 18 
99 62 1066 345 72 41 .492 103 59 200 42 285 60 193 41 29 42 29 
100 75 1060 280 59 
-- --- --- --
162 34 
--- -- --- --
23 
-- --
66 66 1-066 138 29 59 96 20 41 80 17 56 12 512 107 12 86 ·'2 
I - Fasted i Hours .. 65 67 1128 66 13 -- --- --- -- 38 8 --- -- --- -- 9 -- --1 
.See footnotes Table 3. 
Dry From Skin. OD-
Bulb 0 of Eva rative 
Temper- Relative Body gm. gm. total gm. gm. total 
ature Humidity Weight per pel vapor- per per vapor- Total 
of % Lbs. cow m ization cow m2 ization 
Holstein 314 
65 62 1158 144 29 30 331 66 'Ii) 84 - 17 192 38 465 93 11 26 63 
75 35 1128 173 35 35 315 64 64 100 20 183 37 339 69 16 ~9 55 
75 77 1140 149 30 34 282 57 65 86 17 164 33 540 109 Ii 21 68 
65 70 1136 143 29 75 47 95 25 83 17 27 6 538 109 13 • 83 85 40 1117 198 40 23 656 134 77 115 23 380 78 303 62 14 48 38 
85 88 1110 164 34 28 424 87 72' 95 19 246 50 177 37 18 47 35 
65 63 1107 138 28 33 276 56 67 80 16 160 32 464 96 11 23 66 
94 41 1117 286 58 27 786 160 73 166 34 456 93 -26 -6 28 76 -4 
95 91 1080 196 41 21 753 156 79 114 24 437 90 89 19 18 68 14 
65 63 1063 121 25 32 255 53 68 70 15 148 31 434 91 11 23 66 
100 35 1089 355 73 47 399 82 53 206 42 23i 48 346 72 26 30 44 
99 63 1025 399 85 67 194 41 33 231 49 112 2~ 323 69 35 17 48 
100 77 1003 296 64 172 37 36 
66 66 1030 160 34 49 166 35 51 93 20 96 20 561 120 12 13 75 
Fasted 44 Hours 
65 67 1108 73 15 
-- I 42 ' 9 8 
66 63 1112 130 27 22 447 91 15 259 53 293 60 -- 12 41 47 
75 35 1102 170 35 27 450 92 72 99 20 261 53 208 43 17 46 37 
75 78 1121 136 28 27 359 73 72 79 16 208 42 313 64 13 35 52 
65 70 1120 128 26 31 279 57 68 74 15 162 33 331 67 13 28 59 
85 40 1110 176 36 21 655 134 79 102 21 380 78 156 31 16 60 24 
85 88 1103 161 33 21 600 123 79 93 19 348 71 43 9 19 72 9 
65 65 1190 116 23 31 262 52 69 67 13 152 30 409 81 11 24 65 
94 41 1094 290 60 28 752 155 72 168 35 43~ 90 86 17 24 63 13 
95 92 1078 166 34 21 626 130 79 96 20 363 75 230 48 14 53 33 
67 63 1061 100 21 35 182 38 64 58 12 106 22 431 91 10 18 72 
100 35 1041 279 59 25 853 181 75 162 34 495 105 -81 -17 28 86 -14 
99 62 1001 352 76 42 479 104 ~ 204 44 278 60 142 31 33 45 22 
100 75 1009 284 61 165 36 36 
66 66 1028 98 21 40 145 31 60 57 12 84 18 437 93 10 i4 i6 
Fasted Hours 
65 67 1057 55 12 I 32 I 7 7 
·See footnotes Table 3. 
our 
Dry " From Skin· 
Bulb 0 ~f 
Temper- Relative Body gm. gm. total gm. gm. total 
ature Humidity Weight per ~r vapor- per per Total 
of % Ll's. cow m2 ization cow m2 
65 62 1165 166 33 43 219 44 19 127 26 471 93 14 18 68 
75 35 1154 162 32 59 113 23 41 94 19 66 13 406 81 17 12 '1.1 
75 78 1150 139 28 44 177 35 56 81 16 103 20 502 102 12 15 73 
65 70 1151 123 25 42 173 35 58 71 14 100 20 426 86 12 17 71 
85 41 1152 158 32 19 657 132 81 92 18 381 76 203 41 14 56 30 
85 88 1143 158 32 24 495 100 76 92 18 287 58 18't 38 16 51 33 
66 66 1131 134 27 25 407 82 75 78 16 236 48 332 67 12 36 52 
94 41 1131 221 45 20 901 182 80 128 26 522 106 25 5 19 77 4 
95 88 1120 156 32 17 749 152 83 90 18 434 88 -12 -2 18 85 -3 
67 66 1079 134 28 42 185 38 58 78 16 107 22 537 112 11 15 74 
100 35 1133 376 76 36 664 134 64 218 44 385 78 105 21 31 54 15 
99 62 1087 341 71 40 506 105 60 198 41 293 61 301 62 25 37 38 
100 73 1063 198 42 115 24 --- 26 
66 66 1117 144 29 51 138 28 49 84 17 80 16 608 124 11 10 79 
65 67 1136 62 12 
Fasted 44 Hours 
I 36 I 7 --- 7 
Brown Swiss 48 
65 61 1138 132 27 28 330 66 71 76 15 191 38 477 97 10 26 64 
75 35 1135 164 33 24 516 "1M 76 95 19 299 60 316 64 13 42 45 
75 77 1148 141 28 23 481 96 77 82 16 279 56 319 64 12 41 47 
66 71 1140 138 28 23 455 92 77 80 16 264 53 472 95-. 10 32 58 
85 40 1144 226 46 25 677 136 75 131 26 393 79 176 36 19 56 25 
85 88 1140 232 47 29 572 115 71 134 27 332 67 154 31 2~ 54 24 
66 67 1132 144 29 26 404 82 74 84 17 234 48 344 69 13 35 52 
94 40 1138 270 54 23 922 186 77 157 32 535 108 -28 -6 24 80 -4 
95 86 1118 220 45 30 514 105 70 128 26 298 61 174 35 21 50 29 
66 65 1080 135 28 21 518 108 79 78 16 300 63 286 59 12 45' 43 
100 35 1119 370 75 32 774 158 68 215 44 449 92 -13 -3 33 69 -2 
100 63 1069 288 60 34 547 114 66 167 35 317 66 83 17 29 56 15 
100 81 1063 141 30 
-- --- --- --
82 17 
--- -- --- --
18 
-- --
65 66 1094 118 24 42 164 34 58 68 14 95 20 438 90 11 16 73 
Fasted 42 Hours 
65 68 '1132 92 19 
-- --- --- --
I 53 I 11 
--- -- --- --
10 
-- --
·See footnotes Table 3. 
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3. Increased pulmonary ventilation rate at temperatures from 85° to 100°F 
in Jersey, Holstein, and Brown Swiss cattle and from 95° to 100°,F in 
Brahman cattle. 
4. Exerted no consistent influence on pulse rate. 
5. Depressed heat production in all cows at 85°F. 
6. Depressed the respiratory vaporization rate at temperatures above 85°F, 
especially in the Holstein and ·Brown Swiss cattle. 
7. Depressed vaporization rate from the skin or outer surface in Jersey, 
Holstein, and Brown Swiss cattle at temperatures from 75° to 95° and 
in Brahman cattle above 90° or 95°;F. 
ABSTRACf 
Data are presented on the influence of low and high relative humidity at 
temperature levels of 12°, 40°, 75°, 85 0, 95 ° and 100°F on heat production, and 
also on heat dissipation (respiratory and outer surface evaporative cooling and, 
by computation, non-evaporative cooling), on rectal temperature, on respira-
tion and pulse rates and on pulmonary ventilation rates in Jersey, Holstein, 
Brown Swiss and Brahman cattle. These data show that the level of humidity 
has no measureable effects at low temperatures, but begins to -depress evapora-
tive cooling and thereby increase body temperature at about 75°F (24°C) in 
European and 80°F (29°C) in the Indian cattle. The relations between hu-
midity level (relative, absolute, etc.), environmental temperature, and thermal 
balance are discussed in detaiL 
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APPENDIX 
Table 9a supplements Fig. 1 and provides equivalent numerical values for 
vapor pressure, absolute humidity and relative humidity at various tempera-
lures. 
One reason that relative humidity is not an influential factor on physio-
logical activities at low temperature is that a change of 100 per cent in relative 
humidity at O°F (-17.8°C) corresponds to an insignificant change in absolute 
humidity-only 1.1 grams per cubic meter, whereas at 95°F (3'5°C), it cor-
responds to 42.2 gm per cubic meter. There are also, of course, physiological 
reasons to account for low vaporization rates at low temperatures, such as low 
skin moisture. 
Table 9b gives the increments in vapor pressure and absolute humidity for 
5°C changes in temperature at 10 per cent intervals of relative humidity. The 
magnitude of these changes at high levels of relative humidity and temperature 
are quite different than at low levels of relative humidity and temperature. 
TABLE 9a--VAPOR PRESSURE (VP mm Hg) AND ABSOLUTE HUMIDITY (AH gm/m3) FOR GIVEN RELATIVE HUMIDITIES AND TEMPERATURES· , 
"L 
Dry-Bulb 
Temper- Relative Humidities, % 
ature 100 90 8.0 70 60 50 40 30 20 10 
oc OF VP AH VP AH VP AH VP AH VP AH VP AH VP AH VP AH 
-yP AH VP AH 
40 104 55.4 51.1 49.9 46.4 44.3 41.4 138.8 36.5 33.2 31.5 27.7 26.7 22.2 21.5 16.6 16.5 11.1 11.3 5.5 5.8 
35 95 42.2 39.6 38.0 35.8 33.8 32 .1 129.5 28.3 25.3 24.5 21.1 20.6 16.9 16.8 12.7 12.8 8.4 8.7 4.2 4.5 30 86 31.9 30.4 28.7 27.5 25.5 24.7 22.3 21.7 19.1 18.7 16.0 15.9 
I 
12.8 12.9 9.6 9.8 6.4 6.7 3.2 3.4 
25 77 23.8 23.1 21.4 20.8 19.0 18.6 
1
16
.
7 16.6 14.3 14.3 11.9 12.0 9.5 9.7 7.1 7.4 4.8 5.1 2.4 2.5 
20 68 17.6 17.3 15.8 15.8 14.1 14.2 12.3 12.4 10.6 10.8 8.8 9.1 7.0 7.3 5.3 5.6 3.5 3.7 1.8 1.9 
15 59 12.8 12.8 11.5 11.7 10.2 10.4 I 9.0 9.2 7.7 8.0 6.4 6.7 I 5.1 5.4 3.8 4.1 2.6 2.8 1.3 1.4 
10 50 9.2 9.4 8.3 8.6 7.4 7.7 6.4 6.7 5.5 5.8 4.6 4.9 I 3.7 3.9 2.8 3.0 1.8 1.9 .9 1.0 
5 41 6.5 6.8 5.8 6.1 5.2 5.5 4.6 4.9 3.9 4.2 3.2 3.4 I 2.6 2.8 2.0 2.1 1.3 1.4 .6 .7 
0 32 4.6 4.9 4.1 4.4 3.7 3.9 3.2 3.4 2.8 3.0 2.3 2.4 1.8 1.9 1.4 1.4 .9 1.0 .5 .6 
-5 23 3.0 3.3 2.7 2.8 2.4 2.5 2.1 2.4. 1.8 1.9 1.5 1.6 1.2 1.3 .9 t·O .6 .7 .3 .4 
-10 14 2.0 2.2 1.8 1.9 1.6 1.7 1.4 1.5 1.2 1.3 1.0 1.1 .8 .9 .6 .7 .4 .5 .2 .2 
-15 5 1.2 1.4 1.1 1.2 1.0 1.1 .8 .9 .7 .8 .6 .7 .5 .6 .4 .5 .2 .3 .1 .1 
-17.8 0 1.0 1.1 0.9 1.0 0.8 0.9 .7 .7 .6 .6 .5 .5 .4 .4 .3 .3 .2 .2 .1 .1 
TABLE 9b--VAPOR PRESSURE (VP, mm Hg) AND ABSOLUTE HUMIDITY (AH, gm/m3) INCREMENTS FOR GIVEN TEMPERATURE CHANGES AND RELATIVE 
HUMIDITIES 
Dry-Bulb 
Temper-
ature Relative Humidities, % 
Interval IOU 90 80 70 60 50 40 30 20 10 
UC VP AH VP AH VP AH VP AH VP AH VP AH VP AH VP AH VP AH VP AH 
40 to ·35 13.2 11.5 1l.9 10.6 10.5 9.3 9.3 8.2 7.9 7.0 6.6 6.1 5.3 5.3 3.9 3.7 2.7 2.6 1.3 1.3 
35 to 30 10.3 9.2 9.3 8.3 8.3 7.4 7.2 6.6 6.2 5.8 5.1 4.7 4.1 4.1 3.1 3.0 2.0 2.0 1.0 1.1 
30 to 25 8.1 7.3 7.3 6.7 6.5 6.1 5.6 5.1 4.8 4.4 4.1 3.9 3.3 3.3 2.5 2.4 1.6 1.6 .8 .9 
25 to 20 6.2 5.8 5.6 5.0 4.9 4.4 4.4 4.2 3.7 3.5 3.1 3.1 2.5 2.5 1.8 1.8 1.3 1.4 .6 .6 
20 to 15 4.8 4.5 4.3 4.1 3.9 3.8 3.3 3.2 2.9 2.8 2.4 2.4 1.9 1.9 1.5 1.5 .9 .9 .5 .5 
15 to 10 3.6 3.4 3.2 3.1 2.8 2.7 2. 6 2.5 2.2 2.2 1.8 1.8 1.4 1.4 1.0 1.1 .8 .9 .4 .4 
10 to 5 2.7 2.6 2.5 2.5 2.2 2.2 1.8 1.8 1.6 1.6 1.4 1.5 1.1 1.1 .8 .9 .5 .5 .3 .3 
5 to 0 2.9 2.0 1.7 1.7 1.5 1.6 1.4 1.5 1.1 1.2 .9 1.0 .8 .8 .6 .6 .4 .4 .1 .1 
o to -5 1.6 1.5 1.4 1.6 1.3 1.4 1.1 1.2 1.0 1.1 .8 .8 .6 .6 .5 .5 .3 .3 .2 .2 
-5 to -10 1.0 1.1 .9 .9 .8 .8 .7 .7 .6 .6 .5 .5 .4 .4 .3 .3 .2 .2 .1 .2 
-10 to -15 .8 I .8 .7 .7 .6 .6 .7 .6 .4 .5 .4 .4 .3 .3 .2 .2 .2 .2 .1 .1 
"'DerIved from Fig. 1 and Smithsonian Physical abIes (see foo note 3, text). 
